SOUND SYSTEM 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a sound system and, more particularly, to a sound system 
which reproduces a plurality of different channel signals, comprising an output (foder and 
balance) controlling means. 

2. Description of the Relevant Art 

[0002] An output controlling means in a conventional 2 -channel sound system is used for 
correction in the case where the displacement of the normal is caused by the arrangement of 
speakers, the position of a listener, or the like in reproducing each channel signal using the 
speakers. The gain on the side toward which the normal is shifted is made smaller thereby, while 
that on the other side is kept constant. For example, when a control is turned right in left-right 
balance control, the output level of a channel signal on the right side is constant, while the 
output level of a channel signal on the opposite left side is attenuated. The sound volume output 
from the right side speaker is constant, and only the sound volume output from the left side 
speaker becomes smaller. 

[0003] However, in a sound reproducing system such as a DVD deck which outputs a plurality 
of, for example, 6 different channel signals, a so-called multi-channel sound system, separate 
signals are in each channel, respectively. Therefore, the control cannot be adequately conducted 
using the above conventional output (fader and balance) controlling means, so that the reduction 
of a certain channel signal adversely affects the program contents occasionally (e.g. the sounds 
lack a feeling of being in harmony with the images because some sound to be naturally heard 
becomes too small). As a result, it is difficult to control the sound volume output from each 
speaker without bringing a feeling of unnaturalness. Particularly as to an in-car audio system 
having many limitations on the locations of a display and speakers and the position of a listener, 
the problem is more pronounced. 
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SUMMARY OF THE INVENTION 

[0004] The present invention was accomplished in order to solve the above problem, and it is an 
object of the present invention to realize a sound system, being even a sound system which 
reproduces a plurality of different channel signals separately, wherein appropriate output control 
such as fader and balance control can be performed without adversely affecting the program 
contents. 

[0005] In order to achieve the above object, a sound system (1) according to the present 
invention is characterized by being a sound system which can reproduce a plurality of channel 
signals including at least left and right front channels and a center channel for forward-placed 
speakers, comprising an attenuating means to attenuate either left or right channel signal and a 
controlling means to control the attenuation of the center channel signal depending on the 
attenuation of the left or right channel signal. 

[0006] Using the above sound system (1), since the output level of the center channel signal is 
controlled according to the attenuation of either left or right channel signal, the balance of 
sounds between the left and right channels and the center channel does not become unnatural. 
As a result, sounds which feel natural and are easy to hear can be reproduced. 

[0007] A sound system (2) according to the present invention is characterized by the attenuation 
by the controlling means to control the attenuation of the center channel signal being in the 
range of 03n to 0.8n %, when the attenuation by the attenuating means to attenuate either of the 
left and right channel signals is conducted in the n % range of the original signal level in the 
sound system (1). 

[0008] Using the above sound system (2), the attenuation of the center channel signal is 
automatically controlled in a proper range to the attenuation of either of the left and right 
channel signals, so that even after controlling the output level of the left or right channel, sounds 
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which feel natural and are easy to hear can be reproduced. 

[0009] A sound system (3) according to the present invention is characterized by being a sound 
system which can reproduce a plurality of channel signals including at least left and right font 
channels and a center channel for forward-placed speakers, comprising an attenuating means to 
attenuate either left or right channel signal, an adding means to add the attenuated left or right 
channel signal to the center channel, and an adding means to add the center channel signal to the 
right or left channel not being attenuated. 

[0010] Using the above sound system (3), it is possible to prevent the occurrence of a problem 
that no sounds of a certain channel signal can be heard or the like through the output (balance) 
control whereby the attenuated channel signal is added to another channel, so that the 
occurrence of the state of unnatural reproduction can be checked. 

[0011] A sound system (4) according to the present invention is characterized by comprising, 
when the attenuation by the attenuating means to attenuate either of the left and right channel 
signals is conducted in the n t % range of the original signal level, the adding means to add so 
that the amount of the attenuated left or right channel signal to be added to the center channel is 
in the range of 0.2ni to O.&tij %, and the adding means to add the center channel signal to the 
right or left channel not being attenuated so that the added amount thereby is in the range of 
0. lni to 0.6ni % of the original signal level of the center channel in the sound system (3). 

[0012] Using the above sound system (4), the added amount to another channel signal is 
automatically controlled in the above range, so that even after controlling the output level of the 
left or right channel, sounds which feel natural and are easy to hear can be reproduced. 

[0013] A sound system (5) according to the present invention is characterized by being a sound 
system which can reproduce a plurality of channel signals including at least left and right front 
channels for forward-placed speakers and left and right rear channels for rear-placed speakers, 
comprising an attenuating means to attenuate either front side or rear side channel signals and an 
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adding means to add the signals on the attenuated channel side to the channel side not being 
attenuated. 

[0014] Using the above sound system (5), it is possible to prevent the occurrence of a problem 
that no sounds of a certain channel signal can be heard or the like through the output (fader) 
control whereby the attenuated channel signal is added to another channel, so that the 
occurrence of the state of unnatural reproduction can be checked. 

[0015] A sound system (6) according to the present invention is characterized by comprising the 
adding means to add the signals on the attenuated channel side to the channel side not being 
attenuated so that the added amount thereby is in the range of 0.2n 2 to O.&12 % 9 when the 
attenuation by the attenuating means to attenuate either of the front side and rear side channel 
signals is conducted in the n 2 % range of the original front side or rear side channel signals in the 
sound system (5). 

[0016] Using the above sound system (6), the added amount to another channel sigoal is 
automatically controlled in the above range, so that even after controlling the output levels of 
the front side or rear side channels, sounds which feel natural and are easy to hear can be 
reproduced. 

[0017] A sound system (7) according to the present invention is characterized by being a sound 
system which can reproduce a plurality of channel signals including at least left and right front 
channels for forward-placed speakers and left and right rear channels for rear-placed speakers, 
comprising an attenuating means to attenuate either left side or right side channel signals and an 
adding means to add the signals on the attenuated channel side to the channel side not being 
attenuated. 

[0018] Using the above sound system (7), it is possible to prevent the occurrence of a problem 
that no sounds of a certain channel signal can be heard or the like through the output (balance) 
control whereby the attenuated channel signal is added to another channel, so that the 
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occurrence of the state of unnatural reproduction can be checked. 

[0019] A sound system (8) according to the present invention is characterized by comprising the 
adding means to add the signals on the attenuated channel side to the channel side not being 
attenuated so that the added amount thereby is in the range of 0.2n 3 to O.&13 %, when the 
attenuation by the attenuating means to attenuate either of the left side and right side channel 
signals is conducted in the n 3 % range of the original left side or right side channel signals in the 
sound system (7). 

[0020] Using the above sound system (8), the added amount to another channel signal is 
automatically controlled in the above range, so that even after controlling the output levels of 
the left side or right side channels, sounds which feel natural and are easy to hear can be 
reproduced. 

[0021] A sound system (9) according to the present invention is characterized by a delaying 
means being intervened before the adding means in any of the sound systems (3)-(8). 

[0022] Using the above sound system (9), since a delaying means is intervened before the 
adding means, a natural feeling of sound shifting can be obtained, leading to preferable sound 
reproduction bringing a sense of realism. 

[0023] A sound system (10) according to the present invention is characterized by comprising 
an attenuating means to reduce the level of the channel signal on which the addition is 
conducted so that the level of the channel signal after the addition does not change in any of the 
sound systems (3)-(9). 

[0024] Using the above sound system (10), since the signal level is controlled by the attenuating 
means to reduce the signal level so that the level of the channel signal after the addition does not 
become higher, the difference in sound volume between each of the channels does not become 
undesirably large. As a result, the occurrence of the state of unnatural reproduction caused by 

5 



the extreme difference in the channel signal levels between each of the channels can be 
prevented. 

[0025] A sound system (11) according to the present invention is characterized by comprising 
the attenuating means to reduce the level of the channel signal on which the addition is 
conducted so that the level of the channel signal after the addition does not change and a 
controlling means to control by reducing again the attenuated channel signal level depending on 
the attenuation factor by which the attenuating means conducts attenuation in any of the sound 
systems (3)-(9). 

[0026] Using the above sound system (11), the level of the signal to have addition is attenuated 
down to the original signal level so that the channel signal level after the addition does not 
become higher, and the signal of the previously attenuated channel is controlled again according 
to the attenuation. As a result, better-balanced output control can be performed without a rise in 
the signal levels. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] Fig. 1 is a block diagram showing the construction of a sound system according to an 
embodiment (1) of the present invention; 

[0028] Fig. 2 is a block diagram more specifically showing the construction of a sound system 
according to the embodiment (1) of the present invention; 

[0029] Figs. 3(a) and 3(b) are graphs illustrating an example of an output (balance) control 
pattern; 

[0030] Fig. 4 is a block diagram showing the construction of a sound system according to an 
embodiment (2) of the present invention; 
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[003 1] Figs. 5(a)-5(c) are graphs illustxating an example of an output (balance) control pattern; 

[0032] Fig. 6 is a block diagram showing the construction of a sound system according to an 
embodiment (3) of the present invention; 

[0033] Figs. 7(a)-7(c) are graphs illustrating an example of an output (fader) control pattern; 

[0034] Fig. 8 is a block diagram showing the construction of a sound system according to an 
embodiment (4) of the present invention; and 

[0035] Figs. 9(a)-9(c) are graphs illustrating an example of an output (fader and balance) control 
pattern. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0036] Hie preferred embodiments of the sound system according to the present invention are 
described below by reference to those Figures. 

Fig. 1 is a block diagram showing the construction of a sound system according to an 
embodiment (1) of the present invention. The sound system according to the embodiment has a 
sound source 1 such as a DVD, being a multi-track sound source whereby different sounds are 
output from each speaker arranged in a room, respectively. The sound signals from the sound 
source 1 are output to a DSP (Digital Signal Processor) 2 which conducts various kinds of 
digital processing on digital data. The DSP 2 comprises a decoder 3 which decodes digital data 
from the sound source, and an output (balance and fader) controlling means 4 which conducts 
output control processing on output signals from the decoder 3 based on control signals of 
output control conditions for each channel from a microcomputer 6 according to how an 
operating part 7 is operated by a user. 



[0037] The sound signals constructed through the DSP 2, on which the balance control or fader 
control is conducted in the output controlling means 4, being digital signals, are converted to 
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analog signals in a digital-analog converter (D/A) 5. The sound signals output fiom the D/A 5 
are power amplified by each power amplifier FLA (for sounds reproduced at the fiont and left), 
FRA (for sounds reproduced at the front and right), FCA (for sounds reproduced at the front and 
center), RLA (for sounds reproduced at the rear and left), RRA (for sounds reproduced at the 
rear and right), or WA (for reproducing bass sounds), that amplifies power up to the level where 
sounds can be reproduced, and are converted to sounds in speakers to reproduce sounds, FLS 
(forward-left-placed), FRS (forwara-right^laced), FCS (forward-center-placed), RLS 
(rear-left-placed), RRS (rear-right-placed), and WS (woofer), which are arranged on both sides 
of the fiont and rear and in the center of the front in a room. Here, the D/A 5 is shown as being 
of one construction, but actually, there are constructions for 6 channels therein. 

[0038] The operating part 7, being used for conducting various kinds of operation of the sound 
system including the setting of output control, comprises a push button switch and the like and 
is connected to the microcomputer 6. The microcomputer 6, which conducts various kinds of 
control of the sound system, comprises a central processing unit (CPU) to conduct operation 
processing, a ROM in which programs, various kinds of constants and the like are stored, a 
RAM used for brief memory of various kinds of data such as controlled output control 
characteristic data, data in the course of operation processing, and the like. By outputting control 
signals of output control conditions for each channel to the output controlling means 4 in the 
DSP 2 fiom the microcomputer 6 according to the operation state of the operating part 7, 
desired output control processing can be conducted. 

[0039] Fig. 2 is a block diagram more specifically showing the output controlling means in the 
sound system according to the embodiment (1) of the present invention. 

[0040] The DSP 2 has the output controlling means 4 which conducts control of balance and 
fader of each channel signal. The output controlling means 4 comprises gain controllers 10a- 10c 
for each of front-left, fiont-center and fiont-right channels, respectively, by which gain control 
of each channel is conducted based on control signals transmitted from the microcomputer 6. 
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[0041] Fig. 3 is a graph illustrating an example of a change in the output signal levels before and 
after control of each channel signal when balance control is conducted in the sound system 
according to the embodiment (1). Figs. 3(a) and 3(b) show each channel signal level before 
control and an example of each channel signal level after the balance control, respectively. For 
example, when the signal level of the front-left channel is controlled in the operating part 7 so as 
to be attenuated by n %, a control signal is output from the microcomputer 6 to the output 
controlling means 4 so that the front-center channel signal is output after attenuating in the range 
of 0.3n to 0.8n % of the original signal level, and gain control is conducted in the gain 
controllers 10a and 10b. A programming means (not shown) is arranged so that the control of 
the gain amount of the front-center channel can be programmed according to the position 
setting of a listener, distance setting between speakers, or a preference of a user in the operating 
part 7, and those control patterns can be also stored in the RAM of the microcomputer 6. 

[0042] Since the sound signal of the center channel is controlled according to the attenuation of 
the left or right channel through the above control, the sound balance between the left and right 
channels and the canter channel is not unnatural, so that sounds which feel natural can be 
reproduced. 

[0043] An embodiment (2) according to the present invention is described here. Fig. 4 is a block 
diagram showing the outline of the construction of a sound system according to the 
embodiment (2). Here, the same marks are affixed to the same constituents as those of the sound 
system according to the embodiment (1), that are not described. 

[0044] A DSP 12 has an output controlling means 14 which conducts balance control of each 
channel signal. The output controlling means 14 comprises gain controllers lOa-lOc for each of 
front-left, front-center and front-right channels, respectively, by which gain control of each 
channel is conducted based on control signals transmitted from a microcomputer 6. 



[0045] Gain controllers 11a and lib are used for further controlling the gain of a channel signal 
for adding part of the gain-controlled channel signal to the center channel signal. An adding 
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means 12a is used for adding the left or right channel signal gain-controlled in the gain 
controller 11a or lib to the center channel signal. An adding means 12b is used for adding part 
of the center channel signal to the front-right channel. Similarly, an adding means 12c is used 
for adding part of the center channel signal to the front-left channel. 

[0046] Fig. 5 is a graph illustrating an example of a change in the output signal levels before and 
after control of each channel signal when balance control is conducted in the sound system 
according to the embodiment (2). Figs. 5(a) and 5(b) show each channel signal level before 
control and an example of each channel signal level after the balance control, respectively. For 
example, when the signal level of the front-left channel is controlled so as to be attenuated by 
ni % using a balance control switch in the operating part 7, a control signal for adding 0.2nito 
0.8ni % of the attenuated n x % of the front-left channel signal to the front-center channel signal 
and a microcomputer control signal for adding the channel signal of O.lni to 0.6ni % of the 
original signal level of the front-center channel signal before the balance control to the 
front-right channel signal are output to the output controlling means 14 in the DSP 12, wherein 
the processing is conducted. 

[0047] Using the sound system according to the embodiment (2), even when the level of either 
left or right channel signal is made lower through the balance control, part of the reduced 
channel signal is added to the center channel. Therefore, a problem that no sounds from a 
certain attenuated channel can be heard or the like is not caused, so that appropriate balance 
control can be conducted even in the multi-channel sound system. 

[0048] In a sound system according to another embodiment, in order not to cause a feeling of 
incompatibility with reproduced sounds because of too high a signal level after addition of a 
channel to have addition, a gain controller may be additionally arranged after the adding means 
12a, 12b, or 12c on each channel, respectively. Thereby the signal level of the channel whose 
signal level is made the highest by addition may be attenuated down to the original signal level 
before the control, and moreover, the other channel signal levels may be also attenuated by the 
same attenuation factor as that. By conducting such processing, a sound system which conducts 
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balance control for making sounds better to hear can be realized. The setting of these signal 
levels is automatically operated in the microcomputer 6 in usual, but it can be also conducted by 
manual setting in the operating part 7 according to a preference of a user. 

[0049] The change in the output signal levels in the case wherein the above balance control is 
conducted is shown in Fig. 5(c) in relation to Figs. 5(a) and 5(b). The signal level of the 
front-right channel signal on which addition is conducted in the adding means 12b is attenuated 
down to the original signal level before the control, and by the same attenuation factor as that, 
the front-left channel signal and the front-center channel signal are attenuated, respectively. By 
such processing, the overall balance control can be more preferable. 

[0050] A sound system according to an embodiment (3) of the present invention is described 
here. Fig. 6 is a block diagram showing the outline of the construction of a sound system 
according to the embodiment (3) which reproduces channel signals of 5.1 channels. 

[0051] A DSP 22 has an output controlling means 24 which conducts balance and fader control 
of each channel signal. Hie output controlling means 24 comprises gain controllers lOa-lOf for 
each channel, by which gain control of each channel is conducted based on control signals 
transmitted from a microcomputer 6. 

[0052] Gain controllers 15a and 15b are used for further controlling the gains in adding part of 
the left and right rear channel signals gain-controlled through fader control (front-rear balance 
control) in the gain controllers lOd and lOe to the left and right front channel signals. Adding 
means 17a and 17b are used for adding the left and right rear channel signals gain-controlled in 
the gain controllers 15a and 15b to the left and right front channel signals, respectively. 

[0053] Similarly, gain controllers 16a and 16b are used for further controlling the gains in 
adding part of the left and right front channel signals gain-controlled through fader control in the 
gain controllers 10a and 10c to the left and right rear channel signals. Adding means 18a and 
18b are used for adding the left and right front channel signals gain-controlled in the gain 
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controllers 16a and 1 6b to the left and right rear channel signals, respectively. When the balance 
is shifted to the front side or rear side through the fader control, the rear side or front side 
channel signals are attenuated, and part of the attenuated left and right rear channel signals or the 
attenuated left and right front channel signals are added to the left and right front channels or the 
left and right rear channels to be output. 

[0054] Fig. 7 is a graph illustrating an example of a change in the output signal levels before and 
after control of each channel signal when fader control is conducted in the sound system 
according to the embodiment (3). Figs. 7(a) and 7(b) show each channel signal level before 
control and an example of each channel signal level after the fader control, respectively. When 
the signal levels of the left and right rear channels are controlled so as to be attenuated by n2 % 
using a fader control switch in the operating part 7, a control signal for adding 02n 2 to 0.&ti2 % 
of the attenuated n2 % of the left and right rear channel signals to the left and right front 
channels is output to the output controlling means 24 in the DSP 22, wherein the processing is 
conducted. 

[0055] Using the sound system according to the embodiment (3), even when the levels of either 
front side or rear side channel signals are made lower through the fader control, part of the 
attenuated channel signals are added to either rear side or front side channels not being 
attenuated. Therefore, a problem that no sounds from a certain attenuated channel can be heard 
or the like is not caused, so that appropriate fader control can be conducted even in the 
multi-channel sound system. 

[0056] In a sound system according to another embodiment, in order not to cause a feeling of 
incompatibility with reproduced sounds because of too high a signal level after addition of a 
channel to have addition, a gain controller may be additionally arranged after the adding means 
17a, 17b, 18a, or 18b on each channel, respectively. Thereby the signal level of the channel 
whose signal level is made the highest by addition may be attenuated down to the original signal 
level before the control, and moreover, the other channel signal levels may be also attenuated by 
the same attenuation factor as that. By conducting such processing, a sound system which 
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conducts fader control for making sounds better to hear can be realized. The setting of these 
signal levels is automatically operated in the microcomputer 6 in usual, but it can be also 
conducted by manual setting in the operating part 7 according to a preference of a user. 

[0057] The change in the output signal levels in the case wherein the above fader control is 
conducted is shown in Fig. 7(c) in relation to Figs. 7(a) and 7(b). The signal levels after addition 
of the left and ri^ht fitont channel signals on which the addition is conducted in the adding 
means 17a and 17b are attenuated down to the original signal levels before the control, and by 
the same attenuation factor as that, the left and right rear channel signals are attenuated, 
respectively. By such processing, the overall balance control can be more preferable. 

[0058] In a sound system according to still another embodiment, a delaying circuit is arranged 
before each of the adding means 17a, 17b, 18a and 18b in Fig. 6. By conducting the delaying 
processing on each channel signal before addition, a feeling of sound shifting from the fitont to 
the rear, and vice versa even in fader controlling can be obtained. As a result, a sound system, by 
which a preferable sound effect according to a preference of a user can be obtained, can be 
realized. In addition, the on-off setting of these delaying circuits can be also made based on a 
control signal transmitted from the microcomputer 6. 

[0059] A sound system according to an embodiment (4) of the present invention is described 
here. Fig. 8 is a block diagram showing the outline of the construction of a sound system 
according to the embodiment (4) which reproduces channel signals of 5.1 channels. 

[0060] A DSP 32 has an output controlling means 34 which conducts balance and fader control 
of each channel signal. Hie output controlling means 34 comprises gain controllers lOa-lOf for 
each channel, by which gain control of each channel is conducted based on control signals 
transmitted from a microcomputer 6. 



[0061] Gain controllers 20a and 20b are used for further controlling the gains in adding part of 
the front and rear right channel signals on which gain control is conducted through balance 
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control (left-right balance control) in the gain controllers 10c and lOe to the front and rear left 
channel signals, respectively. Adding means 22a and 22b ate used for adding the front and rear 
right channel signals gain-controlled in the gain controllers 20a and 20b to the front and rear left 
channel signals, respectively. 

[0062] Similarly, gain controllers 21a and 21b ate used for further controlling the gains in 
adding part of the front and rear left channel signals on which gain control is conducted through 
balance control in die gain controllers 10a and lOd to the front and rear right channel signals, 
respectively. Adding means 23a and 23b are used for adding the front and rear left channel 
signals gain-controlled in the gain controllers 21a and 21b to the front and rear right channel 
signals, respectively. When the balance is shifted to the left side or right side through the balance 
control, the right side or left side channel signals are attenuated, and part of the attenuated right 
side channel signals or the attenuated left side channel signals are added to the left side channels 
or the right side channels to be output. 

[0063] Fig. 9 is a graph illustrating an example of a change in the output signal levels before and 
after control of each channel signal when balance control is conducted in the sound system 
according to the embodiment (4). Figs. 9(a) and 9(b) show each channel signal level before 
control and an example of each channel signal level after the balance control, respectively. 
When the signal levels of the front and rear right channels are controlled so as to be attenuated 
by r\2 % using a balance control switch in the operating part 7, a control signal for adding 02a% 
to 0.8n 2 % of the attenuated n 2 % of the front and rear right channel signals to the front and rear 
left channels is output to the output controlling means 34 in the DSP 32, wherein the processing 
is conducted. 

[0064] Using the sound system according to the embodiment (4), even when the levels of either 
left side or right side channel signals are made lower through the balance control, part of the 
attenuated channel signals are added to the right side or left side channels not being attenuated. 
Therefore, a problem that no sounds from a certain attenuated channel can be heard or the like is 
not caused, so that appropriate balance control can be conducted even in the multi-channel 
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sound system. 



[0065] In a sound system according to another embodiment, in order not to cause a feeling of 
incompatibility with reproduced sounds because of too high a signal level after addition of a 
channel to have addition, a gain controller may be additionally arranged after the adding means 
22a, 22b, 23a, or 23b on each channel, respectively. Thereby the signal level of the channel 
whose signal level is made the highest by addition may be attenuated down to the original signal 
level before the control, and moreover, the other channel signal levels may be also attenuated by 
the same attenuation factor as that. By conducting such processing, a sound system which 
conducts balance control for making sounds better to hear can be realized. The setting of these 
signal levels is automatically operated in the microcomputer 6 in usual, but it can be also 
conducted by manual setting in the operating part 7 according to a preference of a user. 

[00661 The change in the output signal levels in the case wherein the above balance control is 
conducted is shown in Fig. 9(c) in relation to Figs. 9(a) and 9(b). The signal levels after addition 
of the front and rear left channel signals on which the addition is conducted in the adding means 
22a and 22b are attenuated down to the original signal levels before the control, and by the same 
attenuation factor as that, the font and rear right channel signals are attenuated, respectively. By 
such processing, the overall balance control can be more preferable. 

[0067] In a sound system according to still another embodiment, a delaying circuit is arranged 
before each of the adding means 22a, 22b, 23a and 23b in Fig. 8. By conducting the delaying 
processing on each channel signal before the addition, a feeling of sound shifting from the left to 
the right, and vice versa even in balance controlling can be obtained. As a result, a sound system, 
by which a preferable sound effect according to a preference of a user can be obtained, can be 
realized. In addition, the on-off setting of these delaying circuits can be also made based on a 
control signal transmitted from the microcomputer 6. 



15 



